
Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. i

Table of Contents 
 

Page 
EXECUTIVE SUMMARY 

INTRODUCTION ....................................................................................................................ES-1 

1. SURVEYING (S) .........................................................................................................ES-1 

2. HYDROLOGY (HY).....................................................................................................ES-2 

3. HYDRAULICS (HA).....................................................................................................ES-2 

4. GEOMORPHOLOGY (G)............................................................................................ES-3 
4.1. Channel Characteristics ..............................................................................................ES-4 
4.2. Large Woody Debris ...................................................................................................ES-4 
4.3. Tributary Controls........................................................................................................ES-4 
4.4. Bank Erosion and Protection.......................................................................................ES-4 
4.5. Bed Erosion and Control .............................................................................................ES-5 

5. SEDIMENT TRANSPORT (ST) ..................................................................................ES-5 
5.1. Incipient Motion Analysis.............................................................................................ES-5 
5.2. Sediment-continuity Analysis ......................................................................................ES-6 

6. MANAGEMENT RECOMMENDATIONS (MR) ...........................................................ES-7 
6.1. Bank Instability ............................................................................................................ES-7 
6.2. Bed Instability..............................................................................................................ES-8 
6.3. Existing Bank and Bed Protection...............................................................................ES-8 
6.4. Large Woody Debris ...................................................................................................ES-9 
6.5. Water Impoundments................................................................................................ES-10 
6.6. Subreach-specific Management Recommendations.................................................ES-10 

 
SURVEYING 

1. INTRODUCTION AND BACKGROUND ........................................................................... 1 

2. SURVEY CONTROL......................................................................................................... 1 

3. CROSS-SECTION SURVEYS .......................................................................................... 1 

4. TRIBUTARY SURVEYS.................................................................................................... 2 
 
APPENDIX A:  Spreadsheet of Coordinates and Elevations of the Survey Control Points 

(GPS base station and cross-section endpoints) Established by TNA ..(On CD) 
 
APPENDIX B:   Aerial Photographs Showing the Location of the Cross-section Survey    

Points.............................................................................................................B.1 
 
APPENDIX C.1: Spreadsheet of Coordinates and Elevations of the Cross-section Survey 

Points.....................................................................................................(On CD) 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. ii

  
APPENDIX C.2: Cross-section Plots from the North Branch Root River Survey .............(On CD)  
 
APPENDIX D.1: Spreadsheet of Coordinates and Elevations of the Tributary Survey         

Points.....................................................................................................(On CD) 
  
APPENDIX D.2: Cross-section Plots from the North Branch Root River Surveys ...........(On CD)  
 

List of Surveying Figures 
 

Figure 1. Aerial photograph showing the location of survey control .................................... .4 
 
Figure 2. Longitudinal thalweg profile from the cross section survey of the Root River.    

Also shown are the left and right top of banks....................................................... 5 
  
HYDROLOGY 

1. INTRODUCTION AND BACKGROUND ........................................................................... 1 

2. MEASURED HYDROLOGIC DATA .................................................................................. 1 

3. HSPF RAINFALL-RUNOFF MODEL................................................................................. 1 
3.1. Model Background ............................................................................................................ 2 
3.2. Model Structure and Input................................................................................................. 2 
3.3. Model Execution................................................................................................................2 
3.4. Model Results ................................................................................................................... 3 

4. FLOW-DURATION CURVES............................................................................................ 3 
4.1. Existing Conditions............................................................................................................3 
4.2. Future Conditions..............................................................................................................6 

5. INSTANTANEOUS PEAK FLOWS ................................................................................... 6 
5.1. Existing Conditions............................................................................................................7 
5.2. Future Conditions..............................................................................................................7 

6. REFERENCES.................................................................................................................. 7 
 

List of Hydrology Figures 
 
Figure 1.   Aerial photograph showing project watershed, the primary tributaries, and the 

location of the USGS gage at Franklin.  Also shown are the locations of bridge 
crossing within the study reach. .......................................................................... 11 

 
Figure 2.   Mean daily flow-duration curve for the Root River near Franklin gage (USGS 

Gage No. 04087220) for the period of record from WY1963  
 through WY2005 ................................................................................................. 12 
 
Figure 3.   Peak flow frequency analysis for the Root River near Franklin gage (USGS  

Gage No. 04087220). .......................................................................................... 12 
 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. iii

Figure 4.   Basin delineations used in the HSPF model ....................................................... 13 
 
Figure 5.   Comparison of mean daily flow-duration curves at the Franklin gage and from  

the HSPF model at Node 839 for the period with coincident gage data and  
model results (WY1964 to WY1996) ................................................................... 14 

 
Figure 6.   Relationship between instantaneous peak discharge and measured peak  
 discharge at the Franklin gage ............................................................................ 14 
 
Figure 7.   Computed flood-frequency curve for the Franklin gage and the HSPF model 

results at Node 839 that were adjusted to reflect instantaneous peak    
discharges ........................................................................................................... 15 

 
Figure 8.   Computed and simplified shift factors for the mean daily flow-duration curve    

from the HSPF results at the Franklin gage ........................................................ 15 
 
Figure 9.   Measured runoff as percent of precipitation at gages on streams in urbanized 

areas in the vicinity of the Root River .................................................................. 16 
 
Figure 10.   Average annual runoff predicted by the HSPF model for various locations in     

the study area, and measured runoff at stream gages in urbanized watershed    
in the South Milwaukee area ............................................................................... 16 

 
Figure 11.    Existing conditions flow-duration curves at various points along the Root River 

that were developed by adjusting flow-duration curves from the HSPF model ... 17 
 
Figure 12.   Existing conditions flow-duration curves for the tributaries to the Root River  

within the study reach.......................................................................................... 17 
 
Figure 13.   Percent increase in runoff volumes from existing to future conditions predicted   

by the HSPF model ............................................................................................. 18 
 
Figure 14.  Future conditions flow-duration curves at various locations along the mainstem 

Root River ........................................................................................................... 18 
 
Figure 15.   Future conditions flow-duration curves for the tributaries to the Root River in    

the study area.  ................................................................................................... 19 
Figure 16. Computed flood-frequency curves based on the existing and future and  
 conditions HSPF model results at Node 839 near the Franklin gage (mean     

daily flows adjusted to reflect peak flows). .......................................................... 19 
 

List of Hydrology Tables 
 

Table 1.   Summary of HSPF computed annual runoff volumes (as runoff depth and as 
percent of precipitation) for WY1964-WY1996 under existing conditions.         
Also shown are the adopted runoff values as percent of precipitation and     
runoff depth ........................................................................................................... 5 

Table 2.   Summary of flood-frequency curves at the Franklin gage based on the gage   
data and the rural stream regression equations.................................................... 7 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. iv

Table 3.   Summary of computed flood-frequency characteristics (based on adjusted 
regional regression equations) .............................................................................. 9 

Table 4. Summary of estimated flood-frequency characteristics for future conditions ...... 10 

 
HYDRAULICS  
 

1. INTRODUCTION AND BACKGROUND ........................................................................... 1 

2. EXISTING HYDRAULIC MODEL...................................................................................... 1 

3. REVISED HYDRAULIC MODEL....................................................................................... 1 
 
3.1.   Model Development ......................................................................................................... 2 

3.1.1. Geometric Data............................................................................................................ 2 
3.1.2. Bridge Geometries.......................................................................................................2 
3.1.3. Other Input Data .......................................................................................................... 3 

 
3.2.   Model Calibration ............................................................................................................. 3 
3.3.   Model Results................................................................................................................... 4 

4. SUMMARY AND CONCLUSIONS.................................................................................... 6 

5. REFERENCES.................................................................................................................. 6 
 
APPENDIX A: Hydraulic Model for North Branch Root River (existing and future conditions 

hydrology plans) ......................................................................................... (on CD) 
 

List of Hydraulics Figures 
 

Figure 1.   Aerial photograph showing the limits of the study reach, and the location of the 
cross sections that were used in the analysis ....................................................... 8 

Figure 2.  Measured and predicted water-surface elevations at the Root River near 
Franklin, WI gage (USGS Gage No. 04087220).  Also shown is the water- 
surface elevation measured by the MMSD surveyors on September 28,        
2006, when the reported mean daily discharge was 65 cfs................................. 11 

Figure 3.   Measured and predicted water-surface elevations at the Root River at Grange 
Avenue at Greenfield, WI gage (USGS Gage No. 04087214). ........................... 11 

Figure 4.   Observed high-water marks and the computed water surface profile for the 
recent peak flow of 1,160 cfs that occurred on March 13, 2006, at the Franklin 
gage (based on USGS provisional data). ............................................................ 12 

Figure 5.   Computed water-surface profiles under existing conditions................................ 13 

Figure 6.   Computed hydraulic depth profiles under existing conditions ............................. 14 

Figure 7.   Computed velocity profiles in the main channel under existing conditions.......... 15 

Figure 8.   Computed total top width profiles under existing conditions................................ 16 

Figure 9.   Subreach-averaged main channel hydraulic depth under existing conditions..... 17 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. v

Figure 10.   Subreach-averaged main channel velocity under existing conditions ................. 18 

Figure 11.  Subreach-averaged main channel top width under existing conditions............... 19 

Figure 12.   Percent difference in computed main channel hydraulic depth for future 
conditions compared to existing conditions......................................................... 20 

Figure 13.   Percent difference in computed main channel velocity for future conditions 
compared to existing conditions .......................................................................... 21 

Figure 14.   Percent difference in computed top width for future conditions compared to 
existing conditions ............................................................................................... 22 

Figure 15.   Percent increase in the future conditions subreach-averaged hydraulic depth      
in the main channel (over existing conditions)..................................................... 23 

Figure 16.   Percent increase in the future conditions subreach-averaged velocity in the    
main channel (over existing conditions). ............................................................. 24 

Figure 17.  Percent increase in the future conditions subreach-averaged top width in the 
main channel (over existing conditions) .............................................................. 25 

 
List of Hydraulics Tables 

 

Table 1. Summary of model bridge geometries................................................................... 9 

Table 2. Summary of existing conditions flow at various locations in the model based on 
the flow distribution developed for the hydrologic analysis.................................. 10 

Table 3. Summary of future conditions flow at various locations in the model based on    
the flow distribution developed for the hydrologic analysis.................................. 10 

Table 4. Location of geomorphic subreaches used to compute subreach-averaged 
hydraulics ............................................................................................................ 12 

Table 5.   Summary of subreach-averaged hydraulic parameters under future conditions in 
the portion of the North Branch upstream from the Milwaukee Waukesha County 
Line (based on the short model developed to estimate hydraulic conditions 
upstream from South 124th Street). .................................................................... 26 

 
GEOMORPHOLOGY  

1. INTRODUCTION............................................................................................................... 1 
1.1. Historical Conditions and Previous Investigations ............................................................ 2 

2. GEOLOGIC AND GEOMORPHIC SETTING.................................................................... 4 
2.1. Geology and Geomorphology ........................................................................................... 4 
2.2. Soils .................................................................................................................................. 5 
2.3. Large Woody Debris in the Root River System................................................................. 6 

 
2.3.1 In-channel Woody Debris Obstructions in the North Branch Root River and  
 Tributaries ............................................................................................................. 7 

3. HYDROLOGY AND HYDRAULICS .................................................................................. 9 
3.1. Hydrology .......................................................................................................................... 9 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. vi

3.2. Hydraulics ....................................................................................................................... 14 

4. EXISTING CHANNEL CONDITIONS.............................................................................. 16 
4.1. Sedimentology of North Branch and Tributaries ............................................................. 16 
4.2. Subreach Descriptions for the North Branch................................................................... 17 

 
4.2.1. Subreach 1 .......................................................................................................... 18 
4.2.2. Subreach 2 .......................................................................................................... 18 
4.2.3. Subreach 3 .......................................................................................................... 19 
4.2.4. Subreach 4 .......................................................................................................... 20 
4.2.5. Subreach 5 .......................................................................................................... 21 
4.2.6. Subreach 6 .......................................................................................................... 21 
4.2.7. Subreach 7 .......................................................................................................... 22 
4.2.8. Subreach 8 .......................................................................................................... 22 
4.2.9. Subreach 9 .......................................................................................................... 23 
4.2.10. Subreach 10 ........................................................................................................ 23 

 
4.3. North Branch Tributary Descriptions ............................................................................... 24 

 
4.3.1. Hale Creek .......................................................................................................... 24 
4.3.2. 104th St. Ditch ...................................................................................................... 25 
4.3.3. Wildcat Creek ...................................................................................................... 25 
4.3.4. Whitnall Park Creek and Tess Corners Creek..................................................... 26 
4.3.5. Dale Creek .......................................................................................................... 26 
4.3.6. Legend Creek...................................................................................................... 27 
4.3.7. East Branch Root River ....................................................................................... 27 
4.3.8. Tuckaway Creek.................................................................................................. 28 
4.3.9. Ryan Creek ......................................................................................................... 29 

 
4.4. Bank Erosion and Bank Protection ................................................................................. 29 

 
4.4.1. Bank Erosion ....................................................................................................... 29 
4.4.2. Bank Protection ................................................................................................... 29 

 
4.5. Bed Erosion..................................................................................................................... 30 
4.6. Infrastructure ................................................................................................................... 32 
4.7. Root River and Crayfish Creek ....................................................................................... 32 

 
4.7.1. Subreach 11 ........................................................................................................ 41 
4.7.2. Subreach 12 ........................................................................................................ 42 
4.7.3. Subreach 13 ........................................................................................................ 42 
4.7.4. Subreach 14 ........................................................................................................ 42 
4.7.5. Subreach 15 ........................................................................................................ 43 
4.7.6. Crayfish Creek..................................................................................................... 43 

 
4.8. Channel Classification..................................................................................................... 44 
4.9. Summary......................................................................................................................... 44 

5. REFERENCES................................................................................................................ 45 
 
APPENDIX A: Field Photographs of North Branch Root River ..................................................A.1 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. vii

 
APPENDIX B: Field Photographs of North Branch Root River Tributaries ................................B.1 
 
APPENDIX C: Erosion Mapping by Subreach along North Branch Root River ........................ C.1 
  
APPENDIX D: Field Photographs of Root River and Crayfish Creek ....................................... D.1 
 

List of Geomorphology Figures 
 
Figure 1.1.   Map of the Root River watershed showing the locations of the major tributaries 

within the project area ......................................................................................... 51 

Figure 1.2.   Map showing the boundaries of the MMSD planning area and the watershed   
and subwatershed boundaries.  Primary project boundaries include the Upper 
Root River, Whitnall Park Creeks and the Middle Root River.  Portions of the 
Lower Root River were evaluated at a reconnaissance level (Source: USGS, 
2004). .................................................................................................................. 52 

Figure 1.3.   Part of the 1906 USGS Milwaukee Special Map showing the upper portion of   
the North Branch of the Root River watershed in Milwaukee County.  The 
surveys for the map were completed between 1890 and 1899........................... 53 

Figure 1.4.   Part of the 1907 USGS Geneva-Racine quadrangle showing the lower portion    
of the North Branch and the Root River within Milwaukee and Racine Counties.  
The surveys for the map were completed between 1889 and 1898, and the    
map was revised in 1899-1904 ........................................................................... 54 

Figure 1.5. Aerial photograph of North Branch Root River showing subreach boundaries    
and the major streets that are discussed in the text ............................................ 55 

Figure 1.6.   Map showing the population density in 2000 within the MMSD planning area. 
(Source: USGS, 2004) ........................................................................................ 56 

Figure 2.1.   1906 areal geology map (Alden, 1906) ............................................................... 57 

Figure 2.2.   Surficial geologic map of the Root River watershed (USGS, 2004) .................... 58 

Figure 3.1.  Flood frequency curves for the North Branch Root River at Franklin, the 
Menomonee River at Menomonee Falls and Oak Creek near South Milwaukee.  
The solid curves are based on measured data at the gages and the 
corresponding broken lines are derived from the USGS regional regression 
equations (Walker and Krug, 2003)..................................................................... 59 

Figure 3.2.  Profile of Cross Section 145 in Subreach 1 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 99-percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 59 

Figure 3.3.  Profile of Cross Section 138 in Subreach 2 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 99-percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 60 

Figure 3.4.  Profile of Cross Section 121 in Subreach 3 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 990percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 60 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. viii

Figure 3.5.  Profile of Cross Section 77 in Subreach 4 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 99-percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 61 

Figure 3.6.   Profile of Cross Section 67 in Subreach 5 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 99-percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 61 

Figure 3.7.  Profile of Cross Section 52 in Subreach 6 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 99-percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 62 

Figure 3.8.  Profile of Cross Section 44 in Subreach 7 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 99-percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 62 

Figure 3.9.  Profile of Cross Section 36 in Subreach 8 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 99-percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 63 

Figure 3.10.  Profile of Cross Section 26 in Subreach 9 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 99-percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 63 

Figure 3.11.  Profile of Cross Section 14 in Subreach 10 on the North Branch Root River.  
Water-surface-elevations from a range of flows between the 99-percent 
exceedence flow and the 100-year peak flow are shown on the cross section... 64 

Figure 3.12.   Reach-averaged main channel shear stresses for the 2-, 5-, 10-, 25-, 50- and 
100-year peak flows in the North Branch Root River. ......................................... 64 

Figure 3.13.   Water-surface profiles for the 2-, 5-, 10-, 25-, 50- and 100-year peak flows, 1- 
and 10-percent exceedence flows and thalweg profile for the North Branch    
Root River.  Also shown are the left and right bank elevations at the MMSD 
surveyed cross sections. ..................................................................................... 65 

Figure 3.14.   Main channel topwidths at the 1-percent exceedence flow at cross sections in   
the HEC-RAS model and a 5-point moving average plotted against station for   
the North Branch Root River. .............................................................................. 66 

Figure 3.15.   Main channel hydraulic depths at the 1-percent exceedence flow at cross 
sections in the HEC-RAS model and a 5-point moving average plotted against 
station for the North Branch Root River............................................................... 67 

Figure 3.16.   Main channel velocities at the 1-percent exceedence flow at cross sections in  
the HEC-RAS model and a 5-point moving average plotted against station for  
the North Branch Root River. .............................................................................. 68 

Figure 4.1.   Gradation curves developed from bulk samples of the bed material and pebble 
counts of the surface sediments along the North Branch Root River.................. 69 

Figure 4.2.   Gradation curves developed from bulk samples of the bed material and pebble 
counts of the surface sediments in tributaries to the North Branch Root River. .. 69 

Figure 4.3.  Comparative thalweg profiles for the North Branch Root River and Root River 
between 1966 and 2006...................................................................................... 70 

Figure 4.4.  Thalweg profile of Hale Creek developed from SEWRPC 1993/1999 mapping..71 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. ix

Figure 4.5.  Thalweg profile of 104th St. Ditch developed from SEWRPC 1993/1999    
mapping............................................................................................................... 72 

Figure 4.6.   Thalweg profile of Wildcat Creek developed from SEWRPC 1993/1999    
mapping............................................................................................................... 73 

Figure 4.7.   Thalweg profile of Whitnall Park Creek developed from SEWRPC 1993/1999 
mapping............................................................................................................... 74 

Figure 4.8.   Thalweg profile of Dale Creek developed from SEWRPC 1993/1999 mapping..75 

Figure 4.9.   Thalweg profile of Un-named tributary developed from SEWRPC 1993/1999 
mapping............................................................................................................... 76 

Figure 4.10.   Thalweg profile of Legend Creek developed from SEWRPC 1993/1999    
mapping............................................................................................................... 77 

Figure 4.11.  Thalweg profile of East Branch Root River developed from SEWRPC       
1993/1999 mapping............................................................................................. 78 

Figure 4.12.   Thalweg profile of Tuckaway Creek developed from SEWRPC 1993/1999 
mapping............................................................................................................... 79 

Figure 4.13.  Thalweg profile of Ryan Creek developed from SEWRPC 1993/1999 mapping.80 

Figure 4.14.   Aerial photograph of the Root River between the North and South Branch 
confluence and Crayfish Creek showing the subreach boundaries..................... 81 

Figure 4.15.    Aerial photograph showing the Crayfish Creek watershed and channels ........... 82 

 
List of Geomorphology Tables 

 
Table 2.1.   Summary of Large Woody Debris distribution in the North Branch Root River. .... 8 

Table 2.2.   Summary of Large Woody Debris in tributaries to North Branch Root River......... 9 

Table 3.1.   Summary of flood-frequency characteristics (based on adjusted regional 
regression equations). ......................................................................................... 11 

Table 3.2. Summary of computer flow-duration curves (adjusted HSPF results)................. 12 

Table 3.3.   Location of the geomorphic subreaches used to compute subreach-averaged 
hydraulics ............................................................................................................ 13 

Table 4.1.   Summary of median bed material sizes .............................................................. 17 

Table 4.2.  Summary of bank erosion in North Branch and tributaries.................................. 30 

Table 4.3.   Summary of bank protection in North Branch and tributaries.............................. 31 

Table 4.4.   Summary of infrastructure along North Bank and tributaries............................... 33 

Table 4.5.   Subreach delineation of the Root River downstream of the North and South 
Branch confluence............................................................................................... 41 

 
SEDIMENT-TRANSPORT  

1. INTRODUCTION............................................................................................................... 1 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. x

2. BACKGROUND INFORMATION ...................................................................................... 1 
2.1. Subreach-averaged Hydraulic Results.............................................................................. 1 
2.2. Bed-material Sediment Data ............................................................................................. 2 

3. INCIPIENT MOTION ANALYSIS....................................................................................... 3 

4. SEDIMENT-TRANSPORT CAPACITY ............................................................................. 5 
4.1. Selection of Sediment-Transport Formula ........................................................................ 5 
4.2. Sediment-transport Capacity Rating Curves..................................................................... 7 
4.3. Annual Sediment-transport Volumes ................................................................................ 9 
4.4. Effective Discharge ........................................................................................................... 9 

5. SEDIMENT-TRANSPORT ANALYSIS—EXISTING CONDITIONS................................ 10 

6. SEDIMENT-TRANSPORT ANALYSIS—FUTURE CONDITIONS.................................. 12 

7. EVALUATION OF LATERAL EROSION POTENTIAL.................................................... 13 

8. SUMMARY AND CONCLUSIONS.................................................................................. 14 

9. REFERENCES................................................................................................................ 15 
 

List of Sediment-transport Figures 
 

Figure 1.1.   Map of the North Branch Root River watershed showing the locations of the 
primary tributaries.  Also shown are the locations of the sediment samples. ...... 18 

 
Figure 2.1.   Subreach-averaged main channel hydraulic depth profiles for flows ranging    

from the 50-percent mean daily exceedence flow to the 100-year peak event ... 20 
 
Figure 2.2.   Subreach-averaged main channel velocity profiles for flows ranging from the    

50-percent mean daily exceedence flow to the 100-year peak event. ................ 21 
 
Figure 2.3.   Subreach-averaged main channel topwidth profiles for flows ranging from the   

50-percent mean daily exceedence flow to the 100-year peak event. ................ 22 
 
Figure 2.4.   Gradation curves for the bulk sediment samples and pebble counts collected    

on the North Branch Root River.  Also shown are the representative subreach 
gradations used in the sediment-transport analysis. ........................................... 23 

 
Figure 2.5.   Gradation curves for the bulk sediment samples and pebble counts collected    

on the primary tributaries to the North Branch Root River.  Also shown are the 
representative gradations used in the sediment-transport analysis .................... 23 

 
Figure 3.1.   Results from the incipient motion analysis and the representative median      

grain size, by subreach.  (A dimensionless grain shear value of 1.0 indicates 
incipient-motion conditions, and a value of 1.5 indicates measurable      
transport). ............................................................................................................ 25 

 
Figure 4.1a.   Bed-material sediment-rating curves for the upstream supply and Subreaches 

1.1 through 2.4. ................................................................................................... 26 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. xi

 
Figure 4.1b.   Bed material sediment rating curves for the upstream supply and Subreaches  

3.3 through 7. ...................................................................................................... 26 
 
Figure 4.1c.   Bed-material sediment-rating curves for the upstream supply and Subreaches 

8.1 through 10.2. ................................................................................................. 27 
 
Figure 4.2.   Bed-material sediment rating curves for the primary tributaries to the North 

Branch Root River. .............................................................................................. 27 
 
Figure 4.3.   Existing conditions flow-duration curves at various locations along the North 

Branch Root River (see Technical Memorandum:  Hydrology). .......................... 28 
 
Figure 4.4.   Existing conditions flow duration curves for the primary tributaries to the North 

Branch Root River (see Technical Memorandum:  Hydrology). .......................... 28 
 
Figure 4.5.   Average annual sediment transport capacity volumes (by size class) for the 

subreaches in the North Branch Root River and in the primary tributaries.       
Also shown is the median grain size of the bed material..................................... 29 

 
Figure 4.6.   Example histogram of incremental bed-material load by discharge class for 

Subreach 6.2.  Also shown is the incremental water volume within each 
discharge class.................................................................................................... 30 

 
Figure 4.7.   Results from the effective discharge analysis ..................................................... 30 
 
Figure 4.8.   Histogram of incremental bed-material load by discharge class for Subreach    

2.4.  Also shown is the incremental water volume within each discharge class..31 
 
Figure 5.1.   Comparison of annual bed material transport capacity and supply for each 

subreach.............................................................................................................. 32 
 
Figure 5.2.   Computed volume of aggradation or degradation, by size fraction, in each of the 

subreaches from the sediment-continuity analysis.  Also shown is the 
corresponding average depth of aggradation and degradation........................... 33 

 
Figure 5.3.   Comparative thalweg profiles for the North Branch Root River between 1966   

and 2006 ............................................................................................................. 34 
 
Figure 6.1.   Future (2020) conditions flow-duration curves at various locations along the 

North Branch Root River (see Technical Memorandum:  Hydrology). ................ 36 
 
Figure 6.2.   Future (2020) conditions flow duration curves for the primary tributaries to the 

North Branch Root River (see Technical Memorandum:  Hydrology). ................ 36 
 
Figure 6.3.  Annual bed-material transport capacity volumes under existing and future   

(2020) hydrologic conditions for the subreaches in the North Branch Root     
River and the primary tributaries. ........................................................................ 37 

 
Figure 6.4.   Computed annual volume of aggradation or degradation under existing and 

future (2020) hydrologic conditions for the subreaches in the North Branch    



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. xii

Root River and the primary tributaries. Also shown is the corresponding     
change in bed elevation. ..................................................................................... 38 

 
List of Sediment-transport Tables 

 
Table 2.1.   Subreaches used in the sediment-continuity analysis......................................... 19 
 
Table 2.2.  Summary of representative subreach gradations................................................ 24 
 
Table 5.1.   Summary of computed aggradation/degradation depths and observed trends     

of aggradation and degradation, by subreach. .................................................... 35 
 
 
MANAGEMENT AND PLANNING  

1. INTRODUCTION............................................................................................................... 1 

2. GENERAL RECOMMENDATIONS................................................................................... 2 
2.1. Channel Instability............................................................................................................. 2 

 
2.1.1. Bank Erosion and Lateral Instability ...................................................................... 2 
2.1.2. Bed Erosion and Vertical Instability ....................................................................... 4 

 
2.2. Infrastructure ..................................................................................................................... 4 

 
2.2.1. Bank-protection Structures.................................................................................... 4 
2.2.2. Grade Control Structures ...................................................................................... 6 

 
2.3. Large Woody Debris Management ................................................................................... 6 
2.4. Impoundments .................................................................................................................. 6 

3. SUBREACH-SPECIFIC RECOMMENDATIONS .............................................................. 7 
3.1. North Branch Root River, Subreach 1............................................................................... 7 

 
3.1.1. Channel Stability ................................................................................................... 7 

3.1.1.1. Bank Erosion ................................................................................................... 7 
3.1.1.2. Vertical Stability ...................................................................................................8 

 
3.1.2. Infrastructure ....................................................................................................... 9 

3.1.2.1. Bank Protection ................................................................................................... 9 
3.1.2.2. Grade Control ................................................................................................... 9 
3.1.2.3. Storm Drain Outfalls.............................................................................................. 9 
3.1.2.4. Bridge and Culvert Crossings ............................................................................. 10 

 
3.2. North Branch Root River, Subreach 2............................................................................. 10 

 
3.2.1. Channel Stability ................................................................................................. 10 

3.2.1.1. Bank Erosion ................................................................................................. 10 
3.2.1.2. Vertical Stability ................................................................................................. 10 

 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. xiii

3.2.2. Infrastructure ..................................................................................................... 10 
3.2.2.1. Bank Protection ................................................................................................. 10 
3.2.2.2. Grade Control ................................................................................................. 10 
3.2.2.3. Storm Drain Outfalls............................................................................................ 11 
3.2.2.4. Bridge and Culvert Crossings ............................................................................. 12 

 
3.3. North Branch Root River, Subreach 3............................................................................. 12 

 
3.3.1. Channel Stability ................................................................................................. 12 

3.3.1.1. Bank Erosion ................................................................................................. 12 
3.3.1.2. Vertical Stability ................................................................................................. 12 

 
3.3.2. Infrastructure ..................................................................................................... 14 

3.3.2.1. Bank Protection ................................................................................................. 14 
3.3.2.2. Grade Control ................................................................................................. 14 
3.3.2.3. Storm Drain Outfalls............................................................................................ 14 
3.3.2.4. Bridge and Culvert Crossings ............................................................................. 14 

 
3.4. North Branch Root River, Subreach 4............................................................................. 14 

 
3.4.1. Channel Stability ................................................................................................. 14 

3.4.1.1. Bank Erosion  ................................................................................................. 15 
3.4.1.2. Vertical Stability ................................................................................................. 15 

 
3.4.2. Infrastructure ..................................................................................................... 15 

3.4.2.1. Bank Protection ................................................................................................. 15 
3.4.2.2. Grade Control ................................................................................................. 15 
3.4.2.3. Storm Drain Outfalls............................................................................................ 15 
3.4.2.4. Bridge and Culvert Crossings ............................................................................. 15 

 
3.5. North Branch Root River, Subreach 5............................................................................. 15 

 
3.5.1. Channel Stability ................................................................................................. 16 

3.5.1.1. Bank Erosion ................................................................................................. 16 
3.5.1.2. Vertical Stability ................................................................................................. 16 

 
3.5.2. Infrastructure ..................................................................................................... 16 

3.5.2.1. Bank Protection ................................................................................................. 16 
3.5.2.2. Grade Control ................................................................................................. 16 
3.5.2.3. Storm Drain Outfalls............................................................................................ 16 
3.5.2.4. Bridge and Culvert Crossings ............................................................................. 16 

 
3.6. North Branch Root River, Subreach 6............................................................................. 17 

 
3.6.1. Channel Stability ................................................................................................. 17 

3.6.1.1. Bank Erosion  ................................................................................................ 17 
3.6.1.2. Vertical Stability  ................................................................................................. 17 

 
3.6.2. Infrastructure ..................................................................................................... 17 

3.6.2.1. Bank Protection ................................................................................................. 17 
3.6.2.2. Grade Control ................................................................................................. 17 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. xiv

3.6.2.3. Storm Drain Outfalls............................................................................................ 17 
3.6.2.4. Bridge and Culvert Crossings ............................................................................. 17 

 
3.7. North Branch Root River, Subreach 7............................................................................. 17 

 
3.7.1. Channel Stability ................................................................................................. 18 

3.7.1.1. Bank Erosion ................................................................................................. 18 
3.7.1.2. Vertical Stability ................................................................................................. 18 

 
3.7.2. Infrastructure ..................................................................................................... 18 

3.7.2.1. Bank Protection ................................................................................................. 18 
3.7.2.2. Grade Control ................................................................................................. 18 
3.7.2.3. Storm Drain Outfalls............................................................................................ 18 
3.7.2.4. Bridge and Culvert Crossings ............................................................................. 18 

 
3.8. North Branch Root River, Subreach 8............................................................................. 19 

 
3.8.1. Channel Stability ................................................................................................. 19 

3.8.1.1. Bank Erosion ................................................................................................. 19 
3.8.1.2. Vertical Stability ................................................................................................. 20 

 
3.8.2. Infrastructure ..................................................................................................... 20 

3.8.2.1. Bank Protection ................................................................................................. 20 
3.8.2.2. Grade Control ................................................................................................. 20 
3.8.2.3. Storm Drain Outfalls............................................................................................ 20 
3.8.2.4. Bridge and Culvert Crossings ............................................................................. 20 

 
3.9. North Branch Root River, Subreach 9............................................................................. 20 

 
3.9.1. Channel Stability ................................................................................................. 20 

3.9.1.1. Bank Erosion ................................................................................................. 20 
3.9.1.2. Vertical Stability ................................................................................................. 21 

 
3.9.2. Infrastructure ..................................................................................................... 21 

3.9.2.1. Bank Protection ................................................................................................. 21 
3.9.2.2. Grade Control ................................................................................................. 21 
3.9.2.3. Storm Drain Outfalls............................................................................................ 22 
3.9.2.4. Bridge and Culvert Crossings ............................................................................. 22 

 
3.10. North Branch Root River, Subreach 10........................................................................... 22 

 
3.10.1. Channel Stability ................................................................................................. 22 

3.10.1.1. Bank Erosion ............................................................................................... 22 
3.10.1.2. Vertical Stability ............................................................................................... 22 

 
3.10.2. Infrastructure ..................................................................................................... 22 

3.10.2.1. Bank Protection ............................................................................................... 22 
3.10.2.2. Grade Control ............................................................................................... 22 
3.10.2.3. Storm Drain Outfalls.......................................................................................... 24 
3.10.2.4. Bridge and Culvert Crossings ........................................................................... 24 

 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. xv

3.11. Hale Creek ................................................................................................................. 24 
 
3.11.1. Channel Stability ................................................................................................. 24 

3.11.1.1. Bank Erosion ............................................................................................... 24 
3.11.1.2. Vertical Stability ............................................................................................... 24 

 
3.11.2. Infrastructure ..................................................................................................... 25 

3.11.2.1. Bank Protection ............................................................................................... 25 
3.11.2.2. Grade Control ............................................................................................... 25 
3.11.2.3. Storm Drain Outfalls.......................................................................................... 25 
3.11.2.4. Bridge and Culvert Crossings ........................................................................... 25 

 
3.12. 104th Street Ditch............................................................................................................. 25 

 
3.12.1. Channel Stability ................................................................................................. 25 

3.12.1.1. Bank Erosion ............................................................................................... 25 
3.12.1.2. Vertical Stability ............................................................................................... 26 

 
3.12.2. Infrastructure ..................................................................................................... 26 

3.12.2.1. Bank Protection ............................................................................................... 26 
3.12.2.2. Grade Control ............................................................................................... 26 
3.12.2.3. Storm Drain Outfalls.......................................................................................... 27 
3.12.2.4. Bridge and Culvert Crossings ........................................................................... 27 

 
3.13. Wildcat Creek .................................................................................................................27 

 
3.13.1. Channel Stability ................................................................................................. 27 

3.13.1.1. Bank Erosion ............................................................................................... 27 
3.13.1.2. Vertical Stability ............................................................................................... 27 

 
3.13.2. Infrastructure ..................................................................................................... 27 

3.13.2.1. Bank Protection ............................................................................................... 27 
3.13.2.2. Grade Control ............................................................................................... 28 
3.13.2.3. Storm Drain Outfalls.......................................................................................... 28 
3.13.2.4. Bridge and Culvert Crossing ............................................................................. 28 

 
3.14. Whitnall Park Creek ........................................................................................................ 28 

 
3.14.1. Channel Stability ................................................................................................. 28 

3.14.1.1. Bank Erosion ............................................................................................... 28 
3.14.1.2. Vertical Stability ............................................................................................... 28 

 
3.14.2. Infrastructure ..................................................................................................... 29 

3.14.2.1. Bank Protection ............................................................................................... 29 
3.14.2.2. Grade Control ............................................................................................... 29 
3.14.2.3. Storm Drain Outfalls.......................................................................................... 30 
3.14.2.4. Bridge and Culvert Crossings ........................................................................... 30 

 
3.15. Tess Corners Creek ........................................................................................................ 31 

 
3.15.1. Channel Stability ................................................................................................. 31 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. xvi

3.15.1.1. Bank Erosion ............................................................................................... 31 
3.15.1.2. Vertical Stability ............................................................................................... 31 

 
3.15.2. Infrastructure ..................................................................................................... 31 

3.15.2.1. Bank Protection ............................................................................................... 31 
3.15.2.2. Grade Control ............................................................................................... 32 
3.15.2.3. Storm Drain Outfalls.......................................................................................... 32 
3.15.2.4. Bridge and Culvert Crossings ........................................................................... 32 

 
3.16. Dale Creek ................................................................................................................. 32 

3.16.1. Channel Stability ................................................................................................. 32 
3.16.1.1. Bank Erosion ............................................................................................... 32 
3.16.1.2. Vertical Stability ............................................................................................... 32 

 
3.16.2. Infrastructure ..................................................................................................... 33 

3.16.2.1. Bank Protection ............................................................................................... 33 
3.16.2.2. Grade Control ............................................................................................... 33 
3.16.2.3. Storm Drain Outfalls.......................................................................................... 33 
3.16.2.4. Bridge and Culvert Crossings ........................................................................... 33 

 
3.17. Legend Creek ................................................................................................................. 33 

 
3.17.1. Channel Stability ................................................................................................. 33 

3.17.1.1. Bank Erosion ............................................................................................... 33 
3.17.1.2. Vertical Stability ............................................................................................... 33 

 
3.17.2. Infrastructure ..................................................................................................... 33 

3.17.2.1. Bank Protection ............................................................................................... 33 
3.17.2.2. Grade Control ............................................................................................... 34 
3.17.2.3. Storm Drain Outfalls.......................................................................................... 34 
3.17.2.4. Bridge and Culvert Crossings ........................................................................... 34 

 
3.18. East Branch of the Root River......................................................................................... 34 

 
3.18.1. Channel Stability ................................................................................................. 34 

3.18.1.1. Bank Erosion ............................................................................................... 34 
3.18.1.2. Vertical Stability ............................................................................................... 34 

 
3.18.2. Infrastructure ..................................................................................................... 34 

3.18.2.1. Bank Protection ............................................................................................... 34 
3.18.2.2. Grade Control ............................................................................................... 36 
3.18.2.3. Storm Drain Outfalls.......................................................................................... 37 
3.18.2.4. Bridge and Culvert Crossings ........................................................................... 37 

 
3.19. Tuckaway Creek ............................................................................................................. 37 

 
3.19.1. Channel Stability ................................................................................................. 37 

3.19.1.1. Bank Erosion ............................................................................................... 37 
3.19.1.2. Vertical Stability ............................................................................................... 37 

 
3.19.2. Infrastructure ..................................................................................................... 38 



Project Code:  P5000 
 

 
Management Recommendations Technical Memorandum 
Root River Sediment-transport Planning Study   Mussetter Engineering, Inc. xvii

3.19.2.1. Bank Protection ............................................................................................... 38 
3.19.2.2. Grade Control ............................................................................................... 38 
3.19.2.3. Storm Drain Outfalls.......................................................................................... 38 
3.19.2.4. Bridge and Culvert Crossings ........................................................................... 38 

 
3.20. Ryan Creek ................................................................................................................. 38 

 
3.20.1. Channel Stability ................................................................................................. 38 

3.20.1.1. Bank Erosion ............................................................................................... 38 
 
3.20.2. Infrastructure ..................................................................................................... 38 

3.20.2.1. Bank Protection ............................................................................................... 38 
3.20.2.2. Grade Control ............................................................................................... 39 
3.20.2.3. Storm Drain Outfalls.......................................................................................... 39 
3.20.2.4. Bridge and Culvert Crossings ........................................................................... 39 

4. REFERENCES................................................................................................................ 39 
 
APPENDIX A:  Aerial photography showing the locations of channel instability (bank 

erosion and vertical incision) and the locations where bank protection     
or grade control are recommended ........................................................A.1 

 
APPENDIX B: Aerial photography showing existing infrastructure in the study area     

and locations where infrastructure rehabilitation is recommended.........B.1 
 
APPENDIX C:   Summaries of existing conditions and management recommendations  
 for subreaches of the North Branch of the Root River and tributaries ... C.1 
 
  

List of Management Recommendation Figures 
 
Figure 2.1. Typical bank protection schematic that provides a rock toe armor with a 

vegetated upper bank (Source:  Mainstream Restoration).................................. 40 
 
Figure 2.2. Typical bank protection schematic that provides a rock toe armor, a mid-bank 

reinforcement to allow for a steeper slope and upper bank vegetation (Source:  
Mainstream Restoration). ................................................................................... 41 

 
Figure 2.3. Typical grade-control schematic showing a constructed riffle that can be used     

to stabilize both headcuts and knickpoints (Source:  Mainstream Restoration). 42



Project Code:  P5000 
 

 
Hydrology Technical Memorandum 
Root River Sediment-transport Planning Study                                                                                    Mussetter Engineering, Inc. 

  
xviii

List of  Management Recommendation Tables 
 

Table 2.1. Summary of bank erosion lengths and occurrences, by subreach, and the   
length and priority for bank protection ................................................................. 10 

 
Table 2.2 Summary of lengths and numbers of bank protection sites, by subreach,               

and the locations where monitoring or replacement are recommended.............. 12 
 
Table 3.1.   Location of the geomorphic subreaches in the North Branch Root River............ 14 
 
Table 3.2.   Summary of sites with bank erosion in Subreach 1 of the North Branch Root 

River and the recommended course of action for each site. ............................... 15 
 
Table 3.3.   Summary of sites with existing bank protection in Subreach 1 of the North  

Branch Root River and the recommended course of action for each site. .......... 16 
 
Table 3.4.   Summary of sites with bank erosion in Subreach 2 of the North Branch Root 

River and the recommended course of action for each site. ............................... 18 
 
Table 3.5.   Summary of sites with existing bank protection in Subreach 2 of the North  

Branch Root River and the recommended course of action for each site. .......... 19 
 
Table 3.6.   Summary of sites with bank erosion in Subreach 3 of the North Branch Root 

River and the recommended course of action for each site. ............................... 20 
 
Table 3.7.   Summary of sites with existing bank protection in Subreach 3 of the North  

Branch Root River and the recommended course of action for each site. .......... 21 
 
Table 3.8.   Summary of sites with bank erosion in Subreach 4 of the North Branch Root 

River and the recommended course of action for each site. ............................... 22 
 
Table 3.9.   Summary of sites with bank erosion in Subreach 5 of the North Branch Root 

River and the recommended course of action for each site. ............................... 23 
 
Table 3.10.   Summary of sites with bank erosion in Subreach 6 of the North Branch Root 

River and the recommended course of action for each site. ............................... 24 
 
Table 3.11.   Summary of sites with bank erosion in Subreach 7 of the North Branch Root 

River and the recommended course of action for each site. ............................... 25 
 
Table 3.12.   Summary of sites with bank erosion in Subreach 8 of the North Branch Root 

River and the recommended course of action for each site. ............................... 26 
 
Table 3.13.   Summary of sites with bank erosion in Subreach 9 of the North Branch Root 

River and the recommended course of action for each site ............................... .28 
 
Table 3.14.   Summary of sites with existing bank protection in Subreach 9 of the North  

Branch Root River and the recommended course of action for each site. .......... 28 
 



Project Code:  P5000 
 

 
Hydrology Technical Memorandum 
Root River Sediment-transport Planning Study                                                                                    Mussetter Engineering, Inc. 

  
xix

Table 3.15.   Summary of sites with bank erosion in Subreach 10 of the North Branch Root 
River and the recommended course of action for each site. ............................... 30 

 
Table 3.16.   Summary of sites with existing bank protection in Subreach 10 of the North 

Branch Root River and the recommended course of action for each site. .......... 30 
 
Table 3.17.   Summary of sites with bank erosion in Hale Creek, and the recommended 

course of action for each site .............................................................................. 31 
 
Table 3.18.   Summary of sites with existing bank protection in Hale Creek, and the 

recommended course of action for each site....................................................... 32 
 
Table 3.19.   Summary of sites with bank erosion in 104th Street Ditch, and the    

recommended course of action for each site....................................................... 33 
 
Table 3.20.   Summary of sites with existing bank protection in 104th Street Ditch, and the 

recommended course of action for each site....................................................... 33 
 
Table 3.21.   Summary of sites with bank erosion in Wildcat Creek, and the recommended 

course of action for each site .............................................................................. 34 
 
Table 3.22.   Summary of sites with existing bank protection in Wildcat Creek, and the 

recommended course of action for each site....................................................... 35 
 
Table 3.23.   Summary of sites with bank erosion in Whitnall Park Creek, and the 

recommended course of action for each site....................................................... 36 
 
Table 3.24.   Summary of sites with existing bank protection in Whitnall Park Creek, and the 

recommended course of action for each site....................................................... 37 
 
Table 3.25.   Summary of sites with bank erosion in Tess Corners Creek, and the 

recommended course of action for each site....................................................... 38 
 
Table 3.26.  Summary of sites with existing bank protection in Tess Corners Creek, and      

the recommended course of action for each site................................................. 39 
 
Table 3.27.   Summary of sites with bank erosion in the East Branch of the Root River,        

and the recommended course of action for each site.......................................... 42 
 
Table 3.28.   Summary of sites with existing bank protection in the East Branch of the Root 

River, and the recommended course of action for each site ............................... 43 
 


